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Sterile v (see D. Lhuillier’s talk)
\% Scattering (see P. Barbeau’s talk)
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Neutrino Mass Hierarchy "
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* Large 0,5 open doors to MH

— Utilize matter effects
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Neutrino Mass Hierarchy "

* Large 0,5 open doors to MH
— Utilize matter effects

» e-v CC interactions in the earth
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Neutrino Mass Hierarchy "

* Large 0,5 open doors to MH
— Utilize matter effects

» e-v CC interactions in the earth
modulate the oscillation
probability at long baselines
(LBNE, LBNO, T2HK)
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Neutrino Mass Hierarchy

* Large 0,5 open doors to MH
— Exploit L/E spectrum with reactors
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— Exploit L/E spectrum with reactors
» Precision energy spectrum measurement (JUNO, RENO-50)
» Look for interference between solar- and atmospheric- oscillations 2>

relative measurement P.(L/E) = 1— P, — Py, — Py
Pgl = CDS4 (913) Siﬂ2 (2912) Siﬂ2 &21)
------- N illati . o
_elflbi’csﬁlaﬁoﬁn P31 = cos?(6y5)sin?(26
Normal hierarchy o o
Inverted hierarchy _-.'D32 = 51112(912) 51112(291

“,_  Phys.Rev.D78:111103,2008

10 15 20 25 30
L/E (kn/MeV)



* Large 0,5 open doors to MH m;
— Exploit L/E spectrum with reactors
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» Precision energy spectrum measurement (JUNO, RENO-50)
» Look for interference between solar- and atmospheric- oscillations 2>

relative measurement P.(L/E) = 1— P, — Py, — Py
Pgl = CDS4 (913) Siﬂ2 (2912) Siﬂ2 &21)
------- N illati . o
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Independent on CP phase and 0,5 (Acc. & Atm. do)
Energy Resolution is the key ;



Initial MH Sensitivity with FT method

. . o FCT spectrum - MH
* Fourier transform enhances the visible  °**} 1H
features in AM? (oscillation frequency) regime, i ... /X
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L. Zhan et al, PRD78:111103,2008; PRD79:073007,2009 4



Initial MH Sensitivity with FT method

FCT spectrum i - MH

* Fourier transform enhances the visible 1K
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Fourier transform enhances the visible
features in AM? (oscillation frequency) regime,

Initial MH Sensitivity with FT method

take AM? ,, as reference
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JUNO Experiment

O Jiangmen Underground Neutrino Observatory (was Daya Bay Ii)
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JUNO Experiment

O Jiangmen Underground Neutrino Observatory (was Daya Bay i)
O Primary goals: mass hierarchy and precision meas.
> 20 kton LS detector, 3%/+E energy resolution
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JUNO Experiment

O Jiangmen Underground Neutrino Observatory (was Daya Bay i)
O Primary goals: mass hierarchy and precision meas.
> 20 kton LS detector, 3%/+E energy resolution
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JUNO Experiment

O Jiangmen Underground Neutrino Observatory (was Daya Bay Ii)
O Primary goals: mass hierarchy and precision meas.

> 20 kton LS detector, 3%/ E energy resolution
O Proposed in 2008, approved in Feb.2013. ~300M USS$
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Location of JUNO

Status Operational Planned Planned
Power 17.4 GW 174 GW 17.4 GW

Previous site candidate
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Location of JUNO
' Under construction

Planned Planned Under construction
18.4 GW

Status Operational
17.4 GW

Power 17.4 GW 17.4 GW 17.4 GW
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Realistic requirements to MH discrimination

FT method had ambiguities in estimating systematics.
Many studies were performed on the more detailed and realistic
requirements on MH determination in the past a couple of years.

Peak structure characteristics,
Exposure & resolution,
Optimum baselines,

Multiple reactor effects,
Energy scale uncertainties,
External constraints on Am?,
Statistical test of hypothesis

(conventional y? analysis, Bayesian

method..),

P. Ghoshal and S. T. Petcov, JHEP 1103, 058
(2011),

P. Ghoshal, S.T Petcov, JHEP 1209, 115 (2012),
X. Qian et al, Phys. Rev. D 86, 113011 (2012),

E. Ciuffoli at el, JHEP 1212, 004 (2012),

S. F. Ge et al, JHEP 1305, 131 (2013),

E. Ciuffoli et al, JHEP 1303, 016 (2013),

X. Qian et al, PRD, 87, 033005 (2013),

Y. F. Li et al, PRD 88, 013008 (2013),

S. Kettell et al, arXiv:1307.7419,

E. Ciuffoli at el, PRD 88, 033017 (2013),

M. Blennow and T. Schwetz, JHEP 1309 (2013) 089,
E. Ciuffoli et al, JHEP 1401 (2014) 095,

F. Capozzi et al, Phys. Rev. D 89, 013001 (2014),
E. Ciuffoli et al, PhysRevD.89.073006,

M. Blennow et al., JHEP 1403 (2014) 028,

Apologies to the work not be listed here due to my incomplete literature survey. 7



Optimum baseline for MH

* Optimum at the oscillation maximum of 0,,

6 years
Ideal distribution

912 0OScC. E_res=3%
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Optimum baseline for MH

* Optimum at the oscillation maximum of 0,,

* Multiple reactors

Cores YI-C1 YJ-C2 YIJ-C3 YIJ-C4 YIJ-C5 YI-Ce6
6
B H:T::ismhutinn ] Power (GW) 2.9 2.9 2.9 29 2.9 2.9
20 912 oScC. E_res=3% | Baseline (km) 5275 5284 5242 5251 5212 5221

maximum

Axdm = i (N) = xZ5, (DL

o Cores TS-Cl1 TS-C2 TS-C3 TS-C4 DYB HZ

. Power (GW) 4.6 4.6 4.6 4.6 174 174
Baseline (km) 52.76 52,63 5232 5220 215 265

'Huizhou
NPP




Optimum baseline for MH

* Optimum at the oscillation maximum of 0,,

* Multiple reactors may cancel the oscillation structure

— Baseline difference cannot be more than 500 m

""""""" | Cores YJ-Cl YJ-C2 YJ-C3 YJ-C4 YJ-C5 YIJ-Cé6

| Power (GW) 2.9 2.9 2.9 2.9 2.9 2.9
Baseline (km) 5275 5284 5242 5251 5212 5221

o Cores TS-Cl1 TS-C2 TS-C3 TS-C4 DYB HZ

. Power (GW) 4.6 4.6 4.6 4.6 174 174
Baseline (km) 52.76 52,63 5232 5220 215 265

Ideal distribution

maximum

- Iszin (N) - szin (I)I;.

‘Huizhou
NPP

Y.F Liet al, 6 years

20- PRD 88, 013008 (2013) | L =52km
E_res =3%




RENO-50

From Soo-Bong Kim

= RENO-50 : An underground detector consisting of 18 kton ultra-
low-radioactivity liquid scintillator & 15,000 20" PMTs, at 50 km away

from the Hanbit(Yonggwang) nuclear power plant

= Goals : - Determination of neutrino mass hierarchy
- High-precision measurement of 8,,, Am?2,, and Am?;;
- Study neutrinos from reactors, the Sun, the Earth,
Supernova, and any possible stellar objects




RENO-50

From Soo-Bong Kim

= RENO-50 : An underground detector consisting of 18 kton ultra-
low-radioactivity liquid scintillator & 15,000 20" PMTs, at 50 km away

from the Hanbit(Yonggwang) nuclear power plant

= Goals : - Determination of neutrino mass hierarchy
- High-precision measurement of 8,,, Am?2,, and Am?;;
- Study neutrinos from reactors, the Sun, the Earth,
Supernova, and any possible stellar objects

= Budget : $ 100M for 6 year construction
(Civil engineering: $ 15M, Detector: $ 85M)

= Schedule : 2014 ~ 2019 : Facility and detector construction
2020 ~ . Operation and experiment
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Challenge: high-precision, giant LS detector

Muon detector
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Challenge: high-precision, giant LS detector

Muon detector

.........
e ' e Y T

~1506 20. P —

VETO PMTS

KamLAND

1000 20" OD PMTs

Water

Minemai O

W /€
W Z¢
W o€

LS (18 kton)

15000 20" PMTs (67 %)

RENO-50

30m

32 m

3

JUNO

37m

RENO-50

LS mass

~1 kt

20 kt

18 kt

Energy Resolution

6%/VE

~3%/VE

~3%/VE

Light yield

250 p.e./MeV

1200 p.e./MeV

>1000 p.e./MeV
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Requirements on Energy Resolution

 3%/+E energy resolution “ prO 88,

| 013008 (2013)
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Requirements on Energy Resolution

. .l Gyears
. 3%/\/E energy resolution "l 0w, e isrton |
* Take JUNO MC as example T N
— Based on DYB MC g |
_ JUNO Geometry 5 ..............................
— 77% photocathode coverage 02'0 S

(KamLAND: ~34%)

— High QE PMT, QE.__: 25% = 35%

max*
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Requirements on Energy Resolution

. .l Gyears
. 3%/\/E energy resolution "l 0w, e isrton |
* Take JUNO MC as example TN
— Based on DYB MC g |
_ JUNO Geometry 5 ..............................
— 77% photocathode coverage ol

. 1
2.0 2.5

(KamLAND: ~34%)
— High QE PMT, QE

— LS attenuation length (1 m-tube
measurement @ 430nm)

from 15 m

= absorption 30 m + Rayleigh scattering 30 m
to20 m

= absorption 60 m + Rayleigh scattering 30 m

: 25% =2 35%

max*
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Requirements on Energy Resolution

 3%/+E energy resolution

* Take JUNO MC as example H
— Based on DYB MC 5
— JUNO Geometry
— 77% photocathode coverage

(KamLAND: ~34%)
— High QE PMT, QE

— LS attenuation length (1 m-tube
measurement @ 430nm)
from 15 m
= absorption 30 m + Rayleigh scattering 30 m
to20 m
= absorption 60 m + Rayleigh scattering 30 m

: 25% =2 35%

max*

The Highlighted parameters are input to MC

25

20 -

15+

10

| 013008 (2013) L =52km

6 years
Ideal distribution

res(%)

1
2,5

energy resolution vs rec_energy

total charge-based energy

reconstruction with an ideal

vertex reconstruction

2.57%

6 =0.18% + ——
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Liquid Scintillator in JUNO

o 1,01
* Current choice: |
£ 0,8
LAB+PPO+bisMSB (no Gd-loading) 5
£ 0,6-
. e |
Increase light yield £ .| /kamLanp
— Optimization of fluors concentration ER
5 0.2
o+t

00 01 02 03 04 05 06 0,7
PPO mass fraction, %
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Liquid Scintillator in JUNO

Current choice: 1’0-
LAB+PPO+bisMSB (no Gd-loading) % ]
Increase light yield g " CarmLAND
— Optimization of fluors concentration % 4
Increase transparency 3 0
— Good raw solvent LAB "0 01 02 03 04 05 06 07

PPO mass fraction, %

» Improve production processes: cutting of

:\;)31 F;;ni:tlsg}‘usclztga[l)zttieec:cne instead of Linear Alky Benzene Atte. Length
TPOTIs SE Y (LAB) @ 430 nm

— Online handling/purification

RAW 14.2 m

» Distillation, Filtration, Water extraction, —
Nitrogen stripping, .. Vacuum distillation 19.5m
SiO, coloum 18.6 m
Al,O; coloum 22.3 m

LAB from Nanjing, Raw 20m
Al,O; coloum 25 m

13



Liquid Scintillator in JUNO

1,0

e Current choice:
LAB+PPO+bisMSB (no Gd-loading)
* Increase light yield

o
(o]
1

o
(o))
1

Light output, relative units

0a] /KamLAND
— Optimization of fluors concentration .
0,2
* Increase transparency
— Good raw solvent LAB %50 01 02 03 04 05 06 07

PPO mass fraction, %

» Improve production processes: cutting of

:\;)31 F;;ni:tlsg}‘usclztga[l)zttieec:cne instead of Linear Alky Benzene Atte. Length
TPOTIs SE Y (LAB) @ 430 nm

— Online handling/purification

RAW 14.2 m
» Distillation, Filtration, Water extraction, P——
Nitrogen stripping, ... Vacuum distillation 195 m
. . . SiO, coloum 18.6 m
* Reduce radioactivity 2
Al,O; coloum 22.3 m

— Lessrisk, since no Gd LAB from Nanjing, Raw 20 m
— Singles<3Hz (above 0.7MeV), if *°K/U/Th Al,0, coloum 25 m

<10*> g/g (preliminary) 13



High QE PMT Effort in JUNO

High QE 20” PMTs under

development:
— A new design using MCP:
47 collection

14
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High QE PMT Effort in JUNO

High QE 20” PMTs under

development:

— A new design using MCP:
47 collection

MCP-PMT development:

— Technical issues mostly
resolved

— Successful 8” prototypes

— A few 20” prototypes

- . S WGP M
100
= Entries mv----
s U

z = an 4621!
Galn | . == w0

“* QE@410nm  25% 35% 25%

Rise time 3ns 3.4ns 5ns

SPE Amp. 17mV  18mV 17mV

P/V of SPE >2.5 >2.5 ~2
TTS 5.5ns 1.5ns 3.5ns

cwn o Lo Lo Lo sl i an
o hon EDO Ho0 0D B0O 900 1000 4100 1200

1800 1900 2000 2100 Channal
Voltage (V) 14
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High QE PMT Effort in JUNO

High QE 20” PMTs under

development:

— A new design using MCP:
47 collection

MCP-PMT development:

— Technical issues mostly
resolved

— Successful 8” prototypes

— A few 20” prototypes

Alternative options:

Hamamatsu or Photonics

MECP_A
100
x Entries mv----
U

Gain | ] " < QE@410nm  25%  35%  25%
: ;: Rise time 3ns 3.4ns 5ns
; ” SPE Amp. 17mV  18mV  17mV
i 0 P/V of SPE >25 >2.5 ~2
s . TS 55ns 1.5ns 3.5ns
I VS [TV I VR T T

1800 1900 2000 2100 Channal
Voltage (V) 14



Challenges: Energy non-linearity

1.05 Positron Energy Response Model €.g Daya Bay
* Non-linear energy responsein 3 [ © =
Liquid scintillator 5 'f
2 F F. P. An et al, PRL 112, 061801 (2014)
— Quenching (particle-, E- dep.) S0
E - —— Mominal Model + 68% C.L.
— Cerenkov (particle-, E- dep.) o P PR T S

True Positron Energy [MeV]

— Electronics (possible, E- dep.)

* Energy non-linearity correction is crucial
to spectrum shape analysis
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Challenges: Energy non-linearity

1.05 Positron Energy Response Model €.g Daya Bay
* Non-linear energy responsein 3 [ © =
Liquid scintillator 5 'f
2 - F. P. An et al, PRL 112, 061801 (2014)
— Quenching (particle-, E- dep.) S0
& C —— Mominal Model = 68% C.L.
— Cerenkov (particle-, E- dep.) Pl D ]

— Electronics (possible, E- dep.)

* Energy non-linearity correction is crucial

to spectrum shape analysis : —eM M
. . . 1.02 -
* If imperfect correction, particular A NG Era/EN

residual non-linearity shape can fake the
oscillation pattern with a wrong MH

. X.Qian et al,
(X.Qian et al, PRD 87, 033005 (2013)) = _ ey
Challenge: understand energy scale 008
better than 1% Eyis (MeV)

Ereal
—

/

EI’EC

0.98 —
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Challenges: Energy non-linearity

1.05 Positron Energy Response Model €.g Daya Bay
Non-linear energy responsein : [ © =
Liquid scintillator 5 'f
2 L F. P. An et al, PRL 112, 061801 (2014)
— Quenching (particle-, E- dep.) S0
= - —— Mominal Model = 68% C.L.
) €
— Cerenkov (particle-, E- dep.) I e L s e
— Electronics (possible, E- dep.) True Positron Energy [MeV] @7
= 1.04
. . . . . S [see Chao’s talk
Energy non-llnearlty correction is crucial % 1.02
. g
to spectrum shape analysis ;]

If imperfect correction, particular
residual non-linearity shape can fake the
oscillation pattern with a wrong MH
(X.Qian et al, PRD 87, 033005 (2013)) =
Challenge: understand energy scale
better than 1%

Uncertainty improved to be <1%

Best fit + 68% CL

o

8 10 12
Positron energy [MeV]
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Challenges: Energy non-linearity

Positron Energy Response Model

e.g

Daya Bay

=

/ F.P. Anetal, PRL 112, 061801 (2014)
—— Mominal Model + 68% C.L.

Non-linear energy responsein | ©
Liquid scintillator “‘ 't

— Quenching (particle-, E- dep.) ‘l‘:‘; 051

— Cerenkov (particle-, E- dep.) : u.nﬂ:' L

— Electronics (possible, E- dep.)

Energy non-linearity correction is crucial
to spectrum shape analysis

If imperfect correction, particular

residual non-linearity shape can fake the
oscillation pattern with a wrong MH

(X.Qian et al, PRD 87, 033005 (2013)) = .
Challenge: understand energy scale
better than 1%

Self-calibration of the spectrum: multiple
oscillation peaks can provide good
constraints to non-linearity = possibly
mitigate the requirement to be <2%

— 15 [

H

E

20 -

ha
gﬂl—

True Positron Energy [MeV]

> 1.04r
5 tseeChao’s talk
£ 1.02—
S C
s
8 C
3 098
© o986l Uncertainty improved to be <1%
0.94
C Best fit + 68% CL
0.92
09: PR R S N SN TN N AN TN S T NN S TR SN AN N SR N NN S T
0 2 4 6 8

10 12
Positron energy [MeV]

| Normal true MH

...............................................

----- True MH [+0.5%, +1%)
----- False MH [+0.5%, +1%)
[| == —True MH {+1%, +2%)

|| — - —False MH {+1%, +2%)
true MH (+2%, +4%)
False MH {+2%, +4%)

1Y.FlLietal,
1PRD 88,
1013008
1(2013)

[P (X107 eV

“ | | 1 1 E, | |
234 236 238 240 242 244 246 248 250 15



Ay? (AmZe.)

Poster Session 1:

Seon-Hee SEO (RENO-50),

Yufeng LI, Macro GRASSI (JUNO)

Sensitivity on MH and mixing parameters

25 T T T LI T

L Normal true MH

20 Y.Flietal

10 -

— — True MH (o, = «}
5L — — False MH {7, = =}

True MH (o, = 1.0%}
False MH (o, = 1.0%)

ﬂ 1 1 1 1
234 236 238 240 242 244 246 248

|AMZ,e| (X107 eV?)

2.50

"~ |e.g JUNO MH sensitivity with 6 years' data:

Ref: Y.Flietal, Relative @Use
PRD 88, 013008 (2013) MeaS absolute Am2
Ideal case Ao 5c
| P)Realistic case 3o 4o

(@) |f accelerator experiments, e.g NOVA, T2K, can
measure AMZMM to ~1% level

(b) Take into account multiple reactor cores,

uncertainties from energy non-linearity, etc
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Poster Session 1:

Seon-Hee SEO (RENO-50), Yufeng LI, Macro GRASSI (JUNO)

Sensitivity on MH and mixing parameters

25 T T T T
L Mormal true MH
20 Y.FLlietal
—_—
]
e e e e e e e B
St
10
o<
.,.4:‘] — — True MH (o, = «}
5L — — False MH {7, = =}
True MH (o, = 1.0%}
False MH (g, = 1.0%)
1 1 L 1 L 1

ﬂ 1 1
234 236 238 240 242

|e.g JUNO MH sensitivity with 6 years' data:

Ref: Y.Flietal, Relative @Use
PRD 88, 013008 (2013) MeaS absolute Am2
Ideal case Ao 5c
| P)Realistic case 3o 4o

(@) |f accelerator experiments, e.g NOVA, T2K, can
measure AMZMM to ~1% level

s 248 250 ) Take into account multiple reactor cores,
|AMZee| (X107 eV?)

uncertainties from energy non-linearity, etc

Probing the unitarity of U,,,,s to ~“1%

There is nothing new to be discovered in physics.
All that remains is more and more precise measurement,..

William Thompson (1900)

The whole history of physics proves that a new discovery is

quite likely lurking at the next decimal place...

Current e.g JUNO
Am? ~3% ~0.5%
Am?,, ~4% ~0.6%
sin%@,, ~7% ~0.7%
Sin%0,, ~15% N/A
Sin0,; | ~6%> ~4% | ~15%

F.K. Richtmeyer (1931)

S.L Glashow, arXiv:1305.5482 16




Supernova neutrinos in Giant LS detector

e <20 events observed so far

Gilant LS detector >

Measure energy spectra & fluxes

of almost all types of neutrinos

Estimated numbers of neutrino events in JUNO (preliminary)
Typical galactic SN assumptions:
10 kpc galactic distance, 3x10° erg, L, the same for all types

Channel

Type

Events for different (E,) values

12 MeV 14 MeV 16 MeV
Ve+p—e +n CcC 4.3 x 103 5.0 x 107 5.7 x 103
vEp—v+p NC 6.0 x 102 1.2 x 103 2.0 x 103
vi+e—vte NC 3.6 x 102 3.6 x 102 3.6 x 102
v+ 12C v 4 120 NC 1.7 x 102 3.2 x 102 5.2 x 102
ve+ “C—e + N CC 4.7 x 10 9.4 x 10 1.6 x 102
U, + 2C—et+ 2B CC 6.0 x 10! 1.1 x 102 1.6 x 102

!

Correlated events.

Better detection in LS than in Water
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Supernova neutrinos in Giant LS detector

e <20 events observed so far

Gilant LS detector >

Measure energy spectra & fluxes

of almost all types of neutrinos

Estimated numbers of neutrino events in JUNO (preliminary)
Typical galactic SN assumptions:

10 kpc galactic distance, 3x10° erg, L, the same for all types

Channel Type Events for different (E,) values

; 12 MeV 14 MeV 16 MeV
Ve+p—e +n CcC 4.3 x 103 5.0 x 107 5.7 x 103
VEp—vU+Lp NC 6.0 x 102 1.2 x 103 2.0 x 10°
vi+e—vte NC 3.6 x 102 3.6 x 102 3.6 x 102
v+ 12C v 4 120 NC 1.7 x 102 3.2 x 102 5.2 x 102
ve+ “C—e + N CC 4.7 x 10 9.4 x 10 1.6 x 102
U, + 2C—et+ 2B CC 6.0 x 10! 1.1 x 102 1.6 x 102

!

Correlated events.

Better detection in LS than in Water

[10° events MeV™']

vis
p

dN/dE

10—

i\ (85 = 150y Ve §
. <EV.E> - 181'1'161/-'-'—-. ve

— Allflavors 7
event spectrum
of v-p scattering
(preliminary)

e T e e e L LT

02 04 06 08 1 1.2 14 16
Quenched Proton Energy E;ﬁ [MeV]
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Supernova neutrinos in Giant LS detector

e <20 events observed so far

Gilant LS detector >

Measure energy spectra & fluxes

of almost all types of neutrinos

Possible
candidate

| I |
Size of Star

1]
Size of Earth’s Orbit

| S |
Size of Jupiter’s Orbit

Atmosphere of Betelgeuse
PRC96-04 - ST Scl OPO - January 15, 1995 - A. Dupree (CfA), NASA

Estimated numbers of neutrino events in JUNO (preliminary)
Typical galactic SN assumptions:
10 kpc galactic distance, 3x10° erg, L, the same for all types

Events for different (E,) values

Channel Type 12 MeV 14 MeV 16 MeV
Ve+p—e +n CcC 4.3 x 103 5.0 x 107 5.7 x 103
VEp—vU+Lp NC 6.0 x 102 1.2 x 103 2.0 x 10°
v+e—vte NC 3.6 x 102 3.6 x 102 3.6 x 102
v+ 12C v 4 120 NC 1.7 x 102 3.2 x 102 5.2 x 102
ve+ “C—e + N CC 4.7 x 10! 0.4 x 10! 1.6 x 102
U, + 2C—et+ 2B CC 6.0 x 10! 1.1 x 102 1.6 x 102

I

Correlated events.

Better detection in LS than in Water

dN/dE}"® [10° events MeV™']

10—

o0
T

(]

) = 1200 TINO

(Ep,) = 156MeV e
NEL) = 18MeV ™™™V,
"""" 4v |

— Allflavors 7
event spectrum |
of v-p scattering
(preliminary)

\\\\\\\\

Lt e e b e e L T

02 04 06 08 1 1.2 14 16
Quenched Proton Energy E;” [MeV]
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Other Physics with Giant LS detector

Geo-neutrinos

— Current results: st
KamLAND: 307 TNU (PRD 88 (2013) 033001) wE
Borexino: 38.8+t12 TNU (PLB 722 (2013) 295-300)

— JUNO/RENO-50: n

~x10 statistics, but challenges on systematics~:
and background from reactor neutrinos :

ot

geo
[ reactor
—Y)
—=lh

18




Other Physics with Giant LS detector

Geo-neutrinos

— Current results: 35
KamLAND: 30+ 7 TNU (PRD 88 (2013) 033001) soF-
Borexino: 38.8%+12 TNU (PLB 722 (2013) 295-300)
— JUNO/RENO-50:

~x10 statistics, but challenges on systematics~:
and background from reactor neutrinos :

ot

Solar neutrinos
— need LS purification, low threshold
— background handling (radioactivity, cosmogenic)

geo
[ reactor
—Y)
—Th
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Other Physics with Giant LS detector

* Geo-neutrinos o | -
— Current results: 3sf o

KamLAND: 307 TNU (PRD 88 (2013) 033001) o
Borexino: 38.8%+12 TNU (PLB 722 (2013) 295-300)

— JUNO/RENO-50:

~x10 statistics, but challenges on systematicswé
and background from reactor neutrinos St

20F

15F

e Solar neutrinos
— need LS purification, low threshold
— background handling (radioactivity, cosmogenic)

 Atmosphere neutrinos, Nucleon Decay, Sterile neutrinos, etc

 RENO-50 specials (from Soo-Bong Kim)
— Detection of J-PARC beam & Neutrino-less double beta decay search

Poster Session 1
RENO-50: Neutrino Mass hierarchy and Neutrino Observatory (Seon-Hee Seo)
JUNO: Physics Potential (Yufeng Li), Experimental Challenges (Macro GRASSI) I



JUNO Progresses and Collaboration

600m vertical shaft
1300m tunnel(40% slope)

* Progresses since 2013 ==§§

First get-together
meeting

Funding(2013-2014)

= = m @ CIVI| design done
review approved by CAS @m EE ©

2013 | |

Kaiping Neutrino Research

Center established Civil/infrastructure

construction bidding

Great support from CAS: “Strategic -
Leading Science & Technology Yangjiang NPP started to

19



JUNO Progresses and Collaboration

‘— ”E

600m vertical shaft
1300m tunnel(40% s

* Progresses since 2013

First get-together

. Geological surve
meeting & y

and preliminary =

Funding(2013-2014) civil design done

review approved by CAS .=

2013 | |

Kaiping Neutrino Research

Center established Civil/infrastructure

construction bidding

Great support from CAS: “Strategic -
Leading Science & Technology Yangjiang NPP started to

e Collaboration:
— Strong interests from Czech, France, Germany, Italy, Russia, U.S ...
The proto-collaboration welcome new collaborators

— Establish the international collaboration this year -



Site of JUNO

L\

I A, A6,
Jié EF2-460. 00m, %525m

3, AOE 130,

Rrif-451. 00n, 581n |
/

50m diameter,
80m high cavern

Expected in 2014
* Ground-breaking (civil construction takes 3 years)
* Publish a physics book and CDR

*  Form international collaboration -



JUNO Central Detector

Some basic numbers:
— Target: 20 kt LS
— Vv, Signal event rate: ~60/day
— Backgrounds with 700 m overburden:
* Accidentals(~10%), °Li/8He(<1%), fast
neutrons(<1%)

21



JUNO Central Detector

* Some basic numbers:
— Target: 20 kt LS
— Vv, Signal event rate: ~60/day
— Backgrounds with 700 m overburden:
* Accidentals(~10%), °Li/8He(<1%), fast
neutrons(<1%)
* A huge detector in a water pool:
— Default option: acrylic tank(D~35m) + SS
structure
— Backup option: SS tank(D~38m) + acrylic
structure + balloon




JUNO Central Detector

Some basic numbers:
— Target: 20 kt LS
— Vv, Signal event rate: ~60/day
— Backgrounds with 700 m overburden:
* Accidentals(~10%), °Li/8He(<1%), fast
neutrons(<1%)
A huge detector in a water pool:
— Default option: acrylic tank(D~35m) + SS
structure
— Backup option: SS tank(D~38m) + acrylic
structure + balloon
Issues:
— Engineering: mechanics, safety, lifetime, ...
— Physics: cleanness, light collection, ...
— Assembly & installation

Design & prototyping underway




JUNO Muon VETO detector

(OPERA Target Tracker)

Top tracker "

v" Tyvek
v" PMT support
v" Water Pool liner
v’ Earth Magnetic shleldmg e

22



JUNO/RENO-50 Schedules

JUNO Schedule:

Civil preparation: 2013-2014

Civil construction: 2014-2017

Detector component production: 2016-2017
PMT production: 2016-2019

Detector assembly & installation: 2018-2019
Filling & data taking: 2020

= RENO-50 Schedule From Soo-Bong Kim

2014 ~ 2019 : Faclility and detector construction
2020 ~ . Operation and experiment




Summary

' TrueNO
ﬁ,_
D
vy 5f
X
5
§3 _______________________________________
“ NOvVA, LBNE:
1r PINGU, INO: ()23=40-E
b JUNO: 3%-3.5%
2015 2020 2025 2030
Date

pensitivity for =0.5 [o]

Ocp 9,3

M Blennow et al., JHEP 1403 (2014) 028
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Summary

M Blennow et al., JHEP 1403 (2014) 028

T TrieNO ?
6 6f
E o
3 v s
L I,
:gg. ________________________________________ Eg_
% 2} | B !
” NOVA, LBNE: 8¢9,
T PINGU, INO: 6,;=40+
o JUNO: 3%-3.5% |
2015 2020 2025 2030

Measuring MH with reactors is Competitive in schedule and
Complementary in physics.
— Independent of the unknown CP phase and 0,

Other rich physics

— Precise Amg,?, 0,,, Am,,%, Geo-, solar, supernovae, ..., neutrinos
24
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Expected 1o error on sin?20,, = 0.1
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RENO-50 Technical Challenges

KamLAND RENO-50
LS mass ~1 kt 18 kt
Energy Resolution 6.5%/\E 3%/\E
Light yield 500 p.e./MeV >1000 p.e./MeV

» Large detector (18 ktons) : D=30m, H=30m

» 3% energy resolution :
- High transparency LS : 15 m — 25 m (purification & better PPO)
- Large photocathode coverage : 34% — 67% (15,000 20" PMT)
- High QE PMT : 20% — 35% (Hamamatsu 20” HQE PMT)
- High light yield LS : x1.5 (1.5 g/t PPO — 5 g/t PPO)

From Soo-Bong Kim




RENO-50 Expected Energy Resolution

From Soo-Bong Kim @ “International Workshop on RENO-50, Junel3-14, 2013”

Energy [MeV]

w 0.05-~y PMT coverage : 67% (15,000 20" PMTs)
o 0.045 :_ : ——a—— Default (PMT coverage 67%)
0.04 ;_ :I" ----- - PMT coverage 67%, Att.length *2, QE * 1.5
— *
0.035 : PMT coverage : 67% (15,000 20" PMTs)
| - -uma-f—- _: _... ______ + Attenuation length : 25 m
— I +*
C + QE : 35%
0.025:— |
— |
0.02— | .
L e TR
0.015- |, e e
- e P
0_01_ | I 1 | 1 ] ] | ] ] ] | ] ] ] | ] | ] | |
|
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Additional Physics with RENO-50

* Neutrino burst from a Supernova in our Galaxy
- ~5,600 events (@8 kpc)

- Along-term neutrino telescope

From Soo-Bong Kim

= Geo-neutrinos : ~ 1,000 geo-neutrinos for 5 years

- Study the heat generation mechanism inside the Earth

= Solar neutrinos : with ultra low radioacitivity
- MSW effect on neutrino oscillation

- Probe the center of the Sun and test the solar models

» Detection of J-PARC beam : ~200 events/year

* Neutrinoless double beta decay search : possible modification like
KamLAND-Zen




Arbitrary unit

JUNO: Energy scale can be self-calibrated

If existing a residual non-linearity:
— ~ I+ qgo + QIE’LILLD EE

E true *
true

by introduce a self-calibration(based on AM?__ peaks):

ﬁlL = Z:f:[:n @’?f'f*ﬁﬂi'é}g
effects can be corrected and sensitivity is un-affected

0.6 o 25 T T T T T T
N o R L Non oscillation | Mormal true MH
B —— 0, oscillation
05 Normal hierarchy 20 YFLietal PRD 88,
- Inverted hierarchy ,T | 013008 (2013)
0.4 @ U L/ | [ [
C ‘-""E 15 L
03
32
10 H - - -True MH (+0.5%, +1%)
0.2 - - -False MH {+0.5%, +1%)
5 <] [| — — —True MH (+1%, +2%)
0.1F 5 [| — — —False MH [+1%, 2%}
C true MH (+2%, +4%)
- False MH (+2%, +4%)
0 A R BT B B
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JUNO Experiment Site Layout (Preliminary)




OPERA Target Tracker for JUNO Top Tracker

— 56 x-y walls (6.7m X 6.7m each)

— 14 TT stations, 4 walls each.

— each station is composed of 2 layers of 2 TT walls
separated by 4 m distance.

— Distance of lowest and upper wall: 4 m

— Distance of lowest plane from water pool: 1 m.

— Different configurations (Middle, Rectangle,
Around)

— Covered area is about 630m?

T
| | |

NS
(T |

+4XY Middle (Mid) -4XY Rectangle(Rtg) *4XY Around("0")
(3 X 4+2 modules) (2 X7 modules) *(2%4+2 x 3 modules)

WP

-TD
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